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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a method and an ap-
paratus for preparing 3-deoxy-3’ [18F]Fluorothymidine.

2. Description of the Related Art

[0002] Radiolabeled compounds are used as diagnos-
tic imaging agents in positron emission tomography
(PET). For example, 2- [8F] fluoro-2-deoxy-D- glucose
(FDG) is one tracer used in nuclear medical imaging.
This molecule, labeled with the radionuclide 18F, be-
haves in a way similar to glucose in the first step of its
destabilization in the human body and allows a user to
map and quantify this fundamental mechanism. It is in-
dicated for diagnosis of numerous diseases. FDG and
its preparation are described in U. S. Patent Nos. 4,617,
386, 4,794, 178,5, 169,942, 5,264, 570,5, 436,325,
5,759, 513,5, 808,020, 5,932, 178, and 6,172, 207.
[0003] Another radiolabeled compound, radiolabeled
thymidine, is currently being explored as a diagnostic im-
aging agent for positron emission tomography in the area
of oncology. There is much excitement being generated
about its possibilities. However, radiolabeled thymidine
is difficult to produce so its use has been limited. The
current method used to purify 3’-deoxy-3'-['8F] Fluor-
othymidine employs high-pressure liquid chromatogra-
phy (HPLC). This technique requires a column, high pres-
sure pumps, and an ultraviolet detector which is a rela-
tively complex system. Such systems can range in price
from a few thousand dollars up to $30,000 and they re-
quire a 30 minute set up procedure and about 10 minutes
for each synthesis use. Because of their complexity, prior
systems are also less reliable, particularly in a clinical
setting.

[0004] Thus, the current method used to purify 3’-de-
oxy-3’- [18F] Fluorothymidine presents many problems.
For instance, the long purification time for 3’-deoxy-3’-
['8F] Fluorothymidine is undesirable given the 110
minute half life for the 18F fluoride ion; and the automated
3'-deoxy-3"-[18F] Fluorothymidine purification equipment
has a high cost.

[0005] J.R. Grierson et al. describe in their publication
"Development of a radiosynthesis for 3'-[F-18]fluoro-
3’deoxynucleosides" (J. Labelled Compounds radiop-
harm., vol 40, 1997, pages 60 - 62) a method for the
synthesis of 3-deoxy-3’-[18F]fluorothymidine which is
isolated by using a Sep-Pak Plus C-18 column, which is
eluted with acetonitril, and subsequently by using HPLC.
[0006] Therefore, there is a need for a method and an
apparatus for preparing purified 3'-deoxy-3'- [18F] Fluor-
othymidine at lower cost with decreased purification
times.
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SUMMARY OF THE INVENTION

[0007] The present invention provides a method and
apparatus for preparing 3’-deoxy-3’-['8F]Fluorothymi-
dine according to claims 1 and 13, respectively.. This
method replaces more complicated, costly, and time-
consuming purification methods like high-pressure liquid
chromatography purification. This method has also been
incorporated into an automated synthesis unit to purify
radiolabeled thymidine without human intervention after
production has started.

[0008] The solid-phase trapping method of the present
invention reduces purification time from approximately
10 minutes to 2 minutes or less. The cost of the previous
equipment needed for current purification is several thou-
sand dollars depending on the exact set-up. The cost for
this invention is only a few dollars per synthesis. The
simple nature of this invention (i. e., lack of electronic
parts, detectors, complex valves) improves reliability,
which is very important in the clinical setting.

[0009] In one aspect, the invention for preparing 3’-
deoxy-3'- [18F]Fluorothymidine according to claims 1. In
the method, a fluorothymidine precursor, a reaction sol-
vent for the fluorothymidine precursor, a source of [18F]
ions, and dilution water are combined to thereby form a
reaction mixture including a radiolabeled thymidine prod-
uct, ['8F] ions, and residual reaction impurities. The
term"reaction mixture"does not require that all compo-
nents of the reaction mixture participate in a chemical
reaction.) The reaction mixture is passed through a solid
phase extraction cartridge as a first extraction step. The
solid phase extraction cartridge includes a solid sorbent
to adsorb the radiolabeled 3'-deoxy-3"-[18F]Fluorothymi-
dine on the sorbent, and at least a portion of the residual
reaction impurities pass through solid phase extraction
cartridge without adsorbing on the sorbent. The solid
phase extraction cartridge sorbent is preferably a re-
versed phase C-18 sorbent. Any remaining impurities on
the sorbent are washed off with wash water, and the 3’-
deoxy-3'-[18F]Fluorothymidine is eluted off the sorbent
using an alkanol solvent. The eluted radiolabeled 3’-de-
oxy-3’-[18F]Fluorothymidine is dried and reconstituted in
water before any further extraction steps. According to
the present invention, the method further comprises
passing the reconstituted radiolabeled 3'-deoxy-3-[18F]
Fluorothymidine through a solid phase extraction car-
tridge.

[0010] The solid phase extraction cartridge may be the
only reversed phase solid phase extraction cartridge
used in the method, and according to the present inven-
tion, high pressure liquid chromatography is not used in
the method. Preferably, the alkanol solvent is ethanol,
and the reaction solvent is an aprotic solvent such as
dimethyl sulfoxide. The dilution water that is combined
with the fluorothymidine precursor, the reaction solvent
for the fluorothymidine precursor, and the source of [18F]
jons is in an amount in excess of the reaction solvent,
and the wash water used to wash off any remaining im-
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purities on the sorbent is preferably not delivered by way
of the reaction vessel.

[0011] The reaction mixture may be passed through a
filter before passing the reaction mixture through the solid
phase extraction cartridge. The filter removes precipi-
tates from the reaction mixture. Also, bypassing the filter
after passing the reaction mixture through the filter for a
time period is possible. Preferably, the steps of passing
the reaction mixture through the solid phase extraction
cartridge, washing off the remaining impurities on the
sorbent, and eluting the radiolabeled thymidine product
off the sorbent take two minutes or less.

[0012] The reconstituted radiolabeled thymidine prod-
uct is passed through a solid phase extraction cartridge
to further remove impurities and thereafter filtered to fur-
ther remove impurities.

[0013] Inanother aspect, the invention provides an ap-
paratus for preparing a radiolabeled 3’-deoxy-3'-[18F]
Fluorothymidine. The apparatus includes a reaction ves-
sel for containing a fluorothymidine precursor, a reaction
solvent for the fluorothymidine precursor, a source of
[18F] ions, and dilution water to thereby form a reaction
mixture including a radiolabeled 3’-deoxy-3'-[18F]Fluor-
othymidine, [18F] ions, and residual reaction impurities.
A solid phase extraction cartridge is in fluid communica-
tion with the reaction vessel. The solid phase extraction
cartridge includes a solid sorbent to adsorb the radiola-
beled thymidine product on the sorbent. At least a portion
of the residual reaction impurities pass through solid
phase extraction cartridge without adsorbing on the sorb-
ent. The apparatus includes a source of wash water in
fluid communication with the solid phase extraction car-
tridge for providing wash water to wash off any remaining
impurities on the sorbent with water, and a source of an
alkanol solvent in fluid communication with the solid
phase extraction cartridge for providing the alkanol sol-
vent to elute the radiolabeled thymidine product off the
sorbent using the alkanol solvent. The apparatus does
not include a high pressure liquid chromatography unit.
[0014] Preferably, the wash water is not delivered by
way of the reaction vessel.

[0015] The apparatus may include a filter in fluid com-
munication with the reaction vessel and the solid phase
extraction cartridge such that the reaction mixture passes
through the filter before the solid phase extraction car-
tridge. The filter removes precipitates from the reaction
mixture. There may be provided a bypass conduit in fluid
communication with the reaction vessel and the solid
phase extraction cartridge for allowing the reaction mix-
ture to bypass the filter.

[0016] The apparatus may further include a controller
and a controllable valve in electrical communication with
the controller. The controllable valve is located between
the reaction vessel and the bypass conduit. There is pro-
vided a pressure sensor in electrical communication with
the controller. The pressure sensor provides a signal to
the controller when the filter is clogged such that the con-
troller adjusts the controllable valve to allow the reaction
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mixture to bypass the filter.

[0017] for the method for preparing 3'-deoxy-3-[18F]
Fluorothymidine may comprise preparing a radiolabeled
3’-deoxy-3’-[18F]Fluorothymidine on a radiolabeled prod-
uct synthesizer that has a reaction vessel and a high
pressure liquid chromatography unit in a product flow
path. In this method, the high pressure liquid chromatog-
raphy unit is removed from the product flow path, and a
fluorothymidine precursor, a reaction solvent for the fluor-
othymidine precursor, a source of [18F] ions, and dilution
water are combined in the reaction vessel to thereby form
a reaction mixture including a radiolabeled thymidine
product, [18F] ions, and residual reaction impurities. The
reaction mixture is passed through a solid phase extrac-
tion cartridge, which includes a solid sorbent to adsorb
the radiolabeled thymidine product on the sorbent. In one
form, the solid phase extraction cartridge sorbentis a C-
18 sorbent. At least a portion of the residual reaction im-
purities pass through solid phase extraction cartridge
without adsorbing on the sorbent. Any remaining impu-
rities on the sorbent are washed off with wash water, and
the radiolabeled thymidine product is eluted off the sorb-
ent using an alkanol solvent such as ethanol.

[0018] The dilution water that is combined with the
fluorothymidine precursor, the reaction solvent for the
fluorothymidine precursor, and the source of [18F] ions
is in an amount in excess of the reaction solvent (e. g.,
dimethyl sulfoxide).

[0019] Preferably, the fluorothymidine precursor, the
reaction solvent for the fluorothymidine precursor, the
source of ['8F]ions, and water are combined in areaction
vessel, and the wash water used to wash off any remain-
ing impurities on the sorbent is not delivered by way of
the reaction vessel.

[0020] The reaction mixture may be passed through a
filter before passing the reaction mixture through the solid
phase extraction cartridge so that the filter removes pre-
cipitates from the reaction mixture. The filter may be by-
passed after passing the reaction mixture through the
filter for a time period. Preferably, the steps of passing
the reaction mixture through a solid phase extraction car-
tridge, washing off the remaining impurities on the sorb-
ent, and eluting the radiolabeled thymidine product off
the sorbent take two minutes or less.

[0021] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood upon consideration of the following detailed de-
scription, drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1is a schematic diagram of a synthesizer
for practicing the present invention.

DETAILED DESCRIPTION OF THE INVENTION [

[0023] Referring to Figure 1, there is shown a synthe-
sizer 10 according to the present invention for preparing
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3’-deoxy-3’- [18F] Fluorothymidine. A suitable combined
in the reaction vessel to thereby form a reaction mixture
including a radiolabeled thymidine product, ['8F] ions,
and residual reaction impurities. The reaction mixture is
passed through a solid phase extraction cartridge, which
includes a solid sorbent to adsorb the radiolabeled thy-
midine product on the sorbent. In one form, the solid
phase extraction cartridge sorbent is a C-18 sorbent. At
least a portion of the residual reaction impurities pass
through solid phase extraction cartridge without adsorb-
ing on the sorbent. Any remaining impurities on the sorb-
ent are washed off with wash water, and the radiolabeled
thymidine product is eluted off the sorbent using an al-
kanol solvent such as ethanol.

[0024] The dilution water that is combined with the
fluorothymidine precursor, the reaction solvent for the
fluorothymidine precursor, and the source of [18F] ions
is in an amount in excess of the reaction solvent (e.g.,
dimethyl sulfoxide). Preferably, the fluorothymidine pre-
cursor, the reaction solvent for the fluorothymidine pre-
cursor, the source of [18F] ions, and water are combined
in a reaction vessel, and the wash water used to wash
off any remaining impurities on the sorbent is not deliv-
ered by way of the reaction vessel.

[0025] The reaction mixture may be passed through a
filter before passing the reaction mixture through the solid
phase extraction cartridge so that the filter removes pre-
cipitates from the reaction mixture. The filter may be by-
passed after passing the reaction mixture through the
filter for a time period. Preferably, the steps of passing
the reaction mixture through a solid phase extraction car-
tridge, washing off the remaining impurities on the sorb-
ent, and eluting the radiolabeled thymidine product off
the sorbent take two minutes or less.

[0026] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood upon consideration of the following detailed de-
scription, drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Fig. 1is a schematic diagram of a synthesizer
for practicing the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Referring to Figure 1, there is shown a synthe-
sizer 10 according to the present invention for preparing
3'-deoxy-3™-[18F]Fluorothymidine. A suitable general re-
action scheme for preparing 3'-deoxy-3"-[18F]Fluorothy-
midine is described by Machulla et al. at "Simplified la-
beling approach for synthesizing 3’-deoxy-3’-[18F]fluor-
othymidine ([18F]FLT)", Journal of Radioanalytical and
Nuclear Chemistry, 24: 843-846, 2000. In synthesizer
10, vessels are provided for containing various reactants
used in preparing 3'-deoxy-3’-['8F]Fluorothymidine.
Specifically, vessel T is provided for containing O-
18(180) water including ['8F] fluoride ions (hereinafter
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the "target water"); vessel 1 is provided for containing
potassium carbonate (K,CO3) and Kryptofix™ 222
(koo); vessel 2 is provided for containing a fluorothymi-
dine (FLT) precursor and dimethylsulfoxide (DMSO) sol-
vent; vessel 3 is provided for containing hydrochloric acid
(HCI); vessel 4 is provided for containing an aqueous
solution of sodium acetate; vessels 5 and 6 are provided
for containing water; and vessel 7 is provided for con-
taining ethanol. Controllable valves V1 to V14 are pro-
vided in various flow conduits for controlling the move-
ment of fluid materials in the synthesizer 10.

[0029] In operation, the target water including O-
18(180) water and [18F] fluoride ions (which may be syn-
thesized using known techniques such as those de-
scribed in U.S. Patent Nos. 6,567,492 and 6,190,637) is
delivered from vessel T through valve V7 and passed
through a [18F] trap cartridge 12 such as an anion-ex-
change resin. The ['8F] trap cartridge 12 traps the [18F]
ions inthe target water and the waste target water passes
through valve V7b into waste container 14.

[0030] An aqueous potassium carbonate solution and
an acetonitrile (CH3CN) solution of Kryptofix™ 222 are
then delivered from vessel 1, and are passed through
the [18F] trap cartridge 12 to extract the ['8F]ions trapped
by means of the ['8F] trap cartridge 12. The Kryptofix™
222 is an activating agent that activates the [18F] by mak-
ing it more reactive. The thus extracted [18F] fluoride ion
issentviavalve V8toareactionvessel 16. Subsequently,
the reaction vessel 16 including the [18F] fluoride ion, the
potassium carbonate and the acetonitrile solution of
Kryptofix™ 222 is heated under reduced pressure to
eliminate moisture in the reaction vessel 16.

[0031] After the mixture in the reaction vessel 16 is
sufficiently dried, the fluorothymidine (FLT) precursor
and dimethylsulfoxide (DMSO) solvent are delivered
from vessel 2 through valve V2 into the reaction vessel
16, which is then heated. The fluorothymidine (FLT) pre-
cursor used may be a dimethoxytriphenylmethyl protect-
ed anhydrothymidine known as 5’-0-(4,4" dimethoxyt-
riphenylmethyl)-2-3’-anhydrothymidine. Other protected
anhydrothymidines may also be suitable. In one example
embodiment, 10 milligrams of 5-O-(4,4’ dimethoxyt-
riphenylmethyl)-2-3’-anhydrothymidine dissolved in 1
milliliter of DMSO are delivered from vessel 2 through
valve V2 into the reaction vessel 16.

[0032] Hydrochloric acid (HCI) is then delivered
through valve V3 to the reaction vessel 16 to deprotect
the 5-O-(4,4’ dimethoxytriphenylmethyl)-2-3’-anhydro-
thymidine. An aqueous solution of sodium acetate is then
delivered through valve V4 to the reaction vessel 16 to
adjust the pH of the reaction mixture towards neutral.
Preferably, the aqueous solution of sodium acetate in-
cludes dilution water in an amount such that the volume
ratio of dilution water to DMSO in the reaction vessel is
at least 7 to 1 and preferably 9 to 1. After the reaction,
[8F]fluoride ions, Kryptofix™ 222, potassium carbonate,
acetonitrile, HCI, sodium acetate, water and the radiola-
beled 3’-deoxy-3'-['8F]Fluorothymidine may be present
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in the reaction vessel 16. Some of these (e.g., ace-
tonitrile) may not remain in the reaction vessel 16.
[0033] The reaction mixture of any of the [18F] fluoride
ions, Kryptofix™ 222, potassium carbonate, acetonitrile,
HCI, sodium acetate, dilution water and the radiolabeled
3’-deoxy-3’-[18F]Fluorothymidine are then delivered from
the reaction vessel 16 through valves V9 and V10 and
valve V11 side 11 a and through frit 32 (pore size = 2
microns) to a solid phase extraction cartridge 34. Suitable
solid phase extraction cartridges include those sold com-
mercially as the Waters Sep-Pak® Plus C-18 solid phase
extraction cartridge or the Waters Sep-Pak® C-18 Light.
These types of cartridges are also described in U.S. Pat-
ent Nos. 4,211,658 and 4,250,035, and their use is de-
scribed in "Solid Phase Extraction Applications Guide
and Bibliography" Sixth Edition 1995 published by Wa-
ters. The C-18 reversed-phase solid sorbentis a strongly
hydrophobic silica-based bonded phase with a mono-
functional bonding chemistry and a -Si(CH3),CgH37 sur-
face functionality . The nominal pore size is 125 Ang-
stroms and the particle size range is typically 55-105 mi-
crometers.

[0034] The use of frit 32 serves to filter the reaction
mixture prior to loading on the solid phase extraction car-
tridge 34. It has been discovered that water may precip-
itate reaction mixture components, which would clog sol-
id phase extraction cartridge 34, rendering it ineffective.
Various counter measures are taken to avoid precipitate
clogging of the solid phase extraction cartridge 34. For
example, the frit (pore size = 2 micron) blocks the appro-
priate amount of solid reaction mixture components to
prevent the solid phase extraction cartridge from clog-
ging. Also, a frit bypass line 44 is provided if there is a
need to have the option to bypass the frit 32 because it
gets partially blocked, slowing the filtration. The cartridge
34 can still work normally when the bypass line 44 is
used, provided that most of the reaction mixture has been
filtered. The limits of solid material deposition on the car-
tridge 34 have been explored and with the synthesizer
10 the process described above is reliable.

[0035] With respect to solid phase extraction cartridge
selection, the Waters Sep-Pak® C-18 solid phase ex-
traction cartridge is suitable because C-18 tends to retain
lipophilic compounds when they are loaded in hydrophilic
mixtures. The DMSO is miscible with water and needs
to be greatly diluted with water for the concept to work
best. The concept was explored and dilution can be op-
timized to allow retention of 18F-FLT (3’-deoxy-3’-[18F]
Fluorothymidine). The pressure must also be controlled,
to keep the flow slow enough to allow the 18F-FLT to
interact with the solid-phase material in the solid phase
extraction cartridge 34.

[0036] After delivering the reaction mixture to the solid
phase extraction cartridge 34, 8F-FLT and a small
amount of impurities are retained on the solid-phase ma-
terial in the solid phase extraction cartridge 34. The 18[F]
fluoride ions, Kryptofix™ 222, potassium carbonate, ac-
etonitrile, HCI, sodium acetate, and water move through
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the cartridge 34 and are sent to waste vessel 47 by way
of valve V13.

[0037] Water is then delivered through valves V5, V10
and V11 and through the solid phase extraction cartridge
34 to wash the remaining impurities off the solid-phase
sorbent material in the solid phase extraction cartridge
34. Washing the cartridge 34 with water works well to
remove the hydrophilic 18F fluoride ions, and one key is
using an adequate supply of water to ensure complete
fluoride removal. In one embodiment, the impurities are
washed away from the cartridge 34 using about 15.5 mil-
liliters of water. The remaining impurities and water are
sent to waste vessel 47 by way of valve V13. Purified
18F_FLT remains on the solid-phase material in the solid
phase extraction cartridge 34.

[0038] Ethanol is then delivered through valves V12,
V10 and V11 through the solid phase extraction cartridge
34 to elute the purified 18F-FLT off the solid-phase ma-
terial in the solid phase extraction cartridge 34. The eth-
anol and purified 18F-FLT mixture is then delivered to
vessel 58 by way of valve V13. In one embodiment, the
purified product is eluted from the cartridge 34 using 1
milliliter of ethanol. Ethanol is a suitable eluent, and it
has a low toxicity in humans. It also evaporates at low
temperatures (to avoid decomposition of the product),
and was found to adequately elute the product from the
cartridge 34. The ethanol and purified 18F-FLT mixture
in the vessel 58 are heated to remove the ethanol. After
evaporation of the ethanol, the purified 18F-FLT is dis-
solved in water delivered to vessel 58 by way of valve
V6. Water (not saline) is used because the addition of
ions to the mixture would interfere with removal of resid-
ual 18F fluoride ions at a later step.

[0039] Watermay notdissolve the 18F-FLT product ad-
equately. Therefore, the water and 18F-FLT mixture in
the vessel 58 may be delivered through valve V14 after
reconstitution to a second [18F] fluoride trap 92 similar to
the ['8F] trap cartridge 12 and a filter 67 (0.2 micron pore
size) for filtering and delivery to vessel 73 prior to any
further fluoride removal and sterilization. This prevents
clogging of cartridges and sterilization filters. Usually,
HPLC would be used to remove 18F fluoride ions, but the
second ['8F] fluoride trap 92 was used as an alternative
and was found to effectively reduce fluoride in the product
to make the product suitable for use.

[0040] The entire synthesizer 10 may be operated by
a controller using suitable software for control of, among
other things, valves V1 to V14. This provides many ad-
vantages including, for example, software accommoda-
tion of the frit bypass line 44. A pause may be built-into
the frit filtering step. The valves are positioned such that
a pressure drop can be observed by a user to ensure
that the pressure is dropping as expected while material
is passing through the frit 32. If pressure does not drop
during observation, it indicates that the frit 32 is clogged,
and frit bypass line 44 should be used.

[0041] Various reaction mixtures are described in the
literature for labeling fluorothymidine. The example mix-



9 EP 1 670 519 B1 10

ture described above for the invention incorporates
dimethylsulfoxide (DMSO) as a solvent. DMSO was de-
sired as a solvent in this purification process because it
dissolves the precursor molecule better than the alterna-
tive solvents. The need for optimal dissolution (for in-
creased labeling efficiency) was important due to the fact
that solid phase extraction methods can be inefficient at
purification. The negative aspects of using DMSO were
taken into account (high boiling point, tendency to leave
residual) and determined to be tolerable with taking the
appropriate counter measures such as (i) DMSO dilution
with large excess of water (atleast 7 to 1 water to DMSO)
to prevent DMSO from eluting 18F-FLT off the cartridge
34 while loading the diluted reaction mixture. (the large
excess of water also starts to minimize effect of residual
DMSO due to decreasing concentration), and (ii) water
wash phase delivery of water through an independent
path from the reaction vessel to prevent residual DMSO
in the reaction vessel 16 from contaminating the lines
and solid phase extraction cartridge 34.

Claims

1. A method for preparing 3’-deoxy-3'-[!8F]Fluorothy-
midine, the method comprising:

combining a fluorothymidine precursor, a reac-
tion solvent for the fluorothymidine precursor, a
source of [18F]ions, and dilution water to thereby
form a reaction mixture including a radiolabeled
3'-deoxy-3"-[18F]Fluorothymidine, ['8F] ions,
and residual reaction impurities;

passing the reaction mixture through a solid
phase extraction cartridge as a first extraction
step, the solid phase extraction cartridge includ-
ing a solid sorbent to adsorb the radiolabeled 3'-
deoxy-3’-[18F]Fluorothymidine on the sorbent,
at least a portion of the residual reaction impu-
rities passing through solid phase extraction car-
tridge without adsorbing on the sorbent;
washing off any remaining impurities on the
sorbent with wash water;

eluting the radiolabeled 3’-deoxy-3'-['8F]Fluor-
othymidine off the sorbent using an alcohol sol-
vent; and

drying and reconstituting in water the eluted ra-
diolabeled 3’-deoxy-3'-[ 18F]Fluorothymidine be-
fore any further extraction steps,

wherein the method further comprises:

passing the reconstituted radiolabeled 3’-
deoxy-3'-[18F]Fluorothymidine through a
solid phase extraction cartridge; and further
wherein high pressure liquid chromatogra-
phy is not used in the method.

2. The method of claim 1 wherein:
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the solid phase extraction cartridge sorbent is a
reversed-phase sorbent.

3. The method of claim 1 wherein:

the alcohol solvent is an alkanol.
4. The method of claim 1 wherein:

the reaction solvent is an aprotic solvent.
5. The method of claim 1 wherein:

the reaction solvent is dimethyl sulfoxide.
6. The method of claim 5 wherein:

the dilution water is in an amount in excess of
the reaction solvent.

7. The method of claim 6 wherein:

the volume ratio of the dilution water to the re-
action solvent is at least 7 to 1.

8. The method of claim 1 wherein:

the wash water is not delivered by way of the
reaction vessel.

9. The method of claim 1 further comprising:

passing the reaction mixture through a filter be-
fore passing the reaction mixture through the
solid phase extraction cartridge, the filter remov-
ing precipitates from the reaction mixture.

10. The method of claim 9 further comprising:

bypassing the filter after passing the reaction
mixture through the filter for a time period.

11. The method of claim 1 wherein:

the steps of passing the reaction mixture through
the solid phase extraction cartridge, washing off
the remaining impurities on the sorbent, and
eluting the radiolabeled 3’-deoxy-3’-['8]Fluor-
othymidine off the sorbent take two minutes or
less.

12. The method of claim 1 wherein:

wherein the solid phase extraction cartridge
sorbent is a C-18 sorbent.

13. An apparatus for preparing 3’-deoxy-3'-['8F]Fluor-
othymidine, the apparatus comprising:
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a reaction vessel for containing a fluorothymi-
dine precursor, a reaction solvent for the fluor-
othymidine precursor, a source of [18F] ions, and
dilution water to thereby form a reaction mixture
including a radiolabeled 3’-deoxy-3'-['8F]Fluor-
othymidine, ['8F] ions, and residual reaction im-
purities;

a solid phase extraction cartridge in fluid com-
munication with the reaction vessel, the solid
phase extraction cartridge including a solid sorb-
ent to adsorb the radiolabeled 3’-deoxy-3'-[18F]
Fluorothymidine on the sorbent wherein at least
a portion of the residual reaction impurities pass
through solid phase extraction cartridge without
adsorbing on the sorbent;

a source of water in fluid communication with
the solid phase extraction cartridge for providing
water to wash off any remaining impurities on
the sorbent with water; and

a source of an alcohol solvent in fluid commu-
nication with the solid phase extraction cartridge
for providing the alcohol solvent to elute the ra-
diolabeled 3’-deoxy-3-[18F]Fluorothymidine off
the sorbent using the alcohol solvent,

wherein the apparatus does not include a high
pressure liquid chromatography unit.

14. The method according to claim 1 for preparing 3’-

deoxy-3'-[18F]Fluorothymidine on a radiolabeled
product synthesizer including a reaction vessel and
a high pressure liquid chromatography unitin a prod-
uct flow path, the method comprising:

removing the high pressure liquid chromatogra-
phy unit from the product flow path;

combining in the reaction vessel a fluorothymi-
dine precursor, a reaction solvent for the fluor-
othymidine precursor, a source of [18F] ions, and
dilution water to thereby form a reaction mixture
including a radiolabeled 3’-deoxy-3'-['8F]Fluor-
othymidine, [18F] ions, and residual reaction im-
purities;

passing the reaction mixture through a solid
phase extraction cartridge, the solid phase ex-
traction cartridge including a solid sorbent to ad-
sorb the radiolabeled 3’-deoxy-3'-['8F]Fluor-
othymidine on the sorbent, at least a portion of
the residual reaction impurities passing through
solid phase extraction cartridge without adsorb-
ing on the sorbent;

washing off any remaining impurities on the
sorbent with wash water; and

eluting the radiolabeled 3’-deoxy-3'-[18F]Fluor-
othymidine off the sorbent using an alcohol sol-
vent.

15. The method of claim 14 wherein:
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16.

17.

18.

19.

20.

21.

22.

the alcohol solvent is ethanol.
The method of claim 14 wherein:

the reaction solvent is dimethyl sulfoxide.
The method of claim 16 wherein:

the dilution water is in an amount in excess of
the reaction solvent.

The method of claim 14 wherein:

the wash water is not delivered by way of the
reaction vessel.

The method of claim 14 further comprising:

passing the reaction mixture through a filter be-
fore passing the reaction mixture through the
solid phase extraction cartridge, the filter remov-
ing precipitates from the reaction mixture.

The method of claim 19 further comprising:

bypassing the filter after passing the reaction
mixture through the filter for a time period.

The method of claim 14 wherein:

the steps of passing the reaction mixture through
a solid phase extraction cartridge, washing off
the remaining impurities on the sorbent, and
eluting the radiolabeled 3’-deoxy-3'-[18F]Fluor-
othymidine off the sorbent take two minutes or
less.

The method of claim 14 wherein:

wherein the solid phase extraction cartridge
sorbent is a C-18 sorbent.

Patentanspriiche

1.

Verfahren zum Zubereiten von 3’-Deoxy-3'-[18F]
-Fluorthymidin, wobei das Verfahren umfasst:

Kombinieren eines Fluorthymidin-Precursors,
eines Reaktionslésungsmittels fiir den Fluorthy-
midin-Precursor, einer Quelle fir ['8F]-lonen
und von Verdiinnungswasser, um dadurch ein
Reaktionsgemisch zu bilden, das radioaktiv
markiertes  3’-Deoxy-3’-[18F]-Fluorthymidin,
['8F]-lonen und restliche Reaktionsverunreini-
gungen enthalt;

Leiten des Reaktionsgemischs durch eine Fest-
phasen-Extraktionskartusche als einen ersten
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Extraktionsschritt, wobei die Festphasen-Ex-
traktionskartusche ein festes Sorbens enthélt,
um das radioaktiv markierte 3'-Deoxy-3'-[18F]
-Fluorthymidin an dem Sorbens zu adsorbieren,
wobei wenigstens ein Teil der restlichen Reak-
tionsverunreinigungen ohne Adsorption an dem
Sorbens durch die Festphasen-Extraktionskar-
tusche gehen;

Absptulen irgendwelcher verbleibenden Verun-
reinigungen an dem Sorbens mit Spllwasser;
Eluieren des radioaktiv markierten 3’-Deoxy-
3-[18F]-Fluorthymidins aus dem Sorbens unter
Verwendung eines Alkoholldsungsmittels; und
Trocknen und Wiederherstellen des eluierten
radioaktiv markierten 3’-Deoxy-3'-[18F]-Fluor-
thymidins in Wasser vor irgendwelchen weite-
ren Extraktionsschritten,

wobei das Verfahren ferner umfasst:

Leiten des wiederhergestellten radioaktiv
markierten 3’-Deoxy-3'-[18F]-Fluor-thymi-
dins durch eine Festphasen-Extraktions-
kartusche; und wobei in dem Verfahren fer-
ner keine Hochdruckflissigkeitschromato-
graphie verwendet wird.

Verfahren gemaR Anspruch 1, wobei:

das Festphasen-Extraktionskartuschen-Sor-
bens ein Sorbens mit umgekehrten Phasen ist.

Verfahren gemaR Anspruch 1, wobei:
das Alkohollésungsmittel ein Alkohol ist.
Verfahren gemaR Anspruch 1, wobei:

das Reaktionslésungsmittel eine protonenfreies
Lésungsmittel ist.

Verfahren gemaR Anspruch 1, wobei:

das Reaktionslésungsmittel Dimethylsulfoxid
ist.

Verfahren gemafR Anspruch 5, wobei:

das Verdlinnungswasser eine grolRere Menge
als die des Reaktionslésungsmittels ist.

Verfahren gemaR Anspruch 6, wobei:
das Volumenverhaltnis des Verdiinnungswas-
sers zu dem Reaktionsldsungsmittel wenigs-

tens 7 zu 1 ist.

Verfahren gemaf Anspruch 1, wobei:
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das Spulwasser nicht Uber das Reaktionsgefaly
geliefert wird.

9. Verfahren gemaf Anspruch 1, das ferner umfasst:

Leiten des Reaktionsgemischs durch einen Fil-
ter, bevor das Reaktionsgemisch durch die
Festphasen-Extraktionskartusche geht, wobei
der Filter Niederschlage aus dem Reaktionsge-
misch entfernt.

10. Verfahren gemaR Anspruch 9, das ferner umfasst:

Umgehen des Filters, nachdem das Reaktions-
gemisch flr eine Zeitdauer durch den Filter ge-
gangen ist.

11. Verfahren gemaR Anspruch 1, wobei:

die Schritte des Leitens des Reaktionsgemischs
durch die Festphasen-Extraktionskartusche,
des Abspilens der verbleibenden Verunreini-
gungen an dem Sorbens und des Eluierens des
radioaktiv markierten 3’-Deoxy-3’-['8F]-Fluor-
thymidins aus dem Sorbens zwei Minuten oder
weniger dauern.

12. Verfahren gemaR Anspruch 1, wobei:

das Festphasen-Extraktionskartuschen-Sor-
bens ein C-18-Sorbens ist.

13. Vorrichtung zum Zubereiten von 3’-Deoxy-3-[18F]

-Fluorthymidin, wobei die Vorrichtung umfasst:

ein Reaktionsgefall zum Aufnehmen eines Flu-
orthymidin-Precursors, eines Reaktionslo-
sungsmittels fur den Fluorthymidin-Precursor,
einer Quelle fir [18F]-lonen und von Verdiin-
nungswasser, um dadurch ein Reaktionsge-
misch zu bilden, das ein radioaktiv markiertes
3’-Deoxy-3'-[18F]-Fluorthymidin,  ['8F]-lonen
und restliche Reaktionsverunreinigungen ent-
halt;

eine Festphasen-Extraktionskartusche in Fluid-
verbindung mit dem Reaktionsgefalk, wobei die
Festphasen-Extraktionskartusche ein festes
Sorbens enthalt, um das radioaktiv markierte 3’-
Deoxy-3"-[18F]-Fluorthymidins an dem Sorbens
zu adsorbieren, wobei wenigstens ein Teil der
restlichen Reaktionsverunreinigungen ohne Ad-
sorptionan dem Sorbens durch die Festphasen-
Extraktionskartusche gehen;

eine Quelle fir Wasser in Fluidverbindung mit
der Festphasen-Extraktionskartusche zum Be-
reitstellen von Wasser zum Abspilenirgendwel-
cher verbleibender Verunreinigungen an dem
Sorbens mit Wasser; und
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eine Quelle fur ein Alkohollésungsmittel in Flu-
idverbindung mit der Festphasen-Extraktions-
kartusche zum Bereitstellen des Alkoholl6-
sungsmittels zum Eluieren des radioaktiv mar-
kierten 3’-Deoxy-3’-[18F]-Fluorthymidins aus
dem Sorbens unter Verwendung des Alkoholl6-
sungsmittels,

wobei die Vorrichtung keine Hochdruckfllssig-
keitschromatographie-Einheit enthalt.

14. Verfahren gemaf Anspruch 1 zum Zubereiten von
3’-Deoxy-3'-[18F]-Fluorthymidin in einer Synthesee-
inrichtung fir radioaktiv markierte Produkte, die ein
Reaktionsgefa® und eine Hochdruckflissigkeits-
chromatographie-Einheit in einem Produktflussweg
enthalt, wobei das Verfahren umfasst:

Entfernen der Hochdruckfliissigkeitschromato-
graphie-Einheit aus dem Produktflussweg;
Kombinieren eines Fluorthymidin-Precursors,
eines Reaktionslésungsmittels fiir den Fluorthy-
midin-Precursor, einer Quelle fir [18F]-lonen
und von Verdiinnungswasser in dem Reaktions-
gefal, um dadurch ein Reaktionsgemisch zu bil-
den, das radioaktiv markiertes 3'-Deoxy-3"-[18F]
-Fluorthymidin, [18F]-lonen und restliche Reak-
tionsverunreinigungen enthalt;

Leiten des Reaktionsgemischs durch eine Fest-
phasen-Extraktionskartusche, wobei die Fest-
phasen-Extraktionskartusche ein festes Sor-
bens enthéalt, um das radioaktiv markierte 3’-De-
oxy-3'-[18F]-Fluorthymidins an dem Sorbens zu
adsorbieren, wobei wenigstens ein Teil der rest-
lichen Reaktionsverunreinigungen ohne Ab-
sorption andem Sorbens durch die Festphasen-
Extraktionskartusche gehen;

Abspulen irgendwelcher verbleibender Verun-
reinigungen an dem Sorbens mit Spullwasser;
und

Eluieren des radioaktiv markierten 3’-Deoxy-
3-[18F]-Fluorthymidins aus dem Sorbens unter
Verwendung eines Alkoholldsungsmittels.

15. Verfahren gemaR Anspruch 14, wobei:
das Alkoholldsungsmittel Ethanol ist.
16. Verfahren gemaR Anspruch 14, wobei:

das Reaktionslésungsmittel Dimethylsulfoxid
ist.

17. Verfahren gemaR Anspruch 16, wobei:

das Verdlinnungswasser eine grolRere Menge
als die des Reaktionslésungsmittels ist.

18. Verfahren gemaR Anspruch 14, wobei:
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das Spulwasser nicht Uber das Reaktionsgefaly
geliefert wird.

19. Verfahren gemal Anspruch 14, das ferner umfasst:

Leiten des Reaktionsgemischs durch einen Fil-
ter, bevor das Reaktionsgemisch durch die
Festphasen-Extraktionskartusche geht, wobei
der Filter Niederschlage aus dem Reaktionsge-
misch entfernt.

20. Verfahren gemal Anspruch 19, das ferner umfasst:

Umgehen des Filters, nachdem das Reaktions-
gemisch flr eine Zeitdauer durch den Filter ge-
gangen ist.

21. Verfahren gemaf Anspruch 14, wobei:

die Schritte des Leitens des Reaktionsgemischs
durch eine Festphasen-Extraktionskartusche,
des Abspiilens der verbleibenden Verunreini-
gungen an dem Sorbens und des Eluierens des
radioaktiv markierten 3’-Deoxy-3’-['8F]-Fluor-
thymidins aus dem Sorbens zwei Minuten oder
weniger dauern.

22. Verfahren gemaf Anspruch 14, wobei:

das Festphasen-Extraktionskartuschen-Sor-
bens ein C-18-Sorbens ist.

Revendications

Procédé de préparation de 3’-désoxy-3’-['8F]fluoro-
thymidine, le procédé comprenant les étapes
suivantes :

combinaison d’un précurseur de la fluorothymi-
dine, d’un solvant de réaction pour le précurseur
de la fluorothymidine, d’'une source d’ions [18F]
et une eau de dilution pour ainsi former un mé-
lange réactionnel incluant une 3’-désoxy-
3'-['8F]fluorothymidine radiomarquée, des ions
[18F] et des impuretés de réaction résiduelles ;
passage du mélange réactionnel dans une car-
touche d’extraction en phase solide comme pre-
miére étape d’extraction, la cartouche d’extrac-
tion en phase solide incluant un sorbant solide
pour adsorber la 3-désoxy-3-[18F]fluorothymi-
dine radiomarquée sur le sorbant, une partie au
moins des impuretés de réaction résiduelles
passantdanslacartouche d’extractionen phase
solide sans étre adsorbées sur le sorbant ;
élimination de toute impureté restante surle sor-
bant par lavage avec une eau de lavage ;
élution de la 3’-désoxy-3'-[18F]fluorothymidine
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radiomarquée du sorbant en utilisant un solvant
alcoolique ; et

séchage et reconstitution dans I'eau de la 3'-
désoxy-3’-[18F]fluorothymidine radiomarquée
éluée avant toute étape d’extraction supplémen-
taire,

ou ledit procédé comprend en outre :

le passage de la 3-désoxy-3'-['8F]fluoro-
thymidine radiomarquée reconstituée dans
une cartouche d’extraction en phase
solide ; etou le procédé n’utilise pas la chro-
matographie liquide haute pression.

Procédé de la revendication 1, ou :

le sorbant de la cartouche d’extraction en phase
solide est un sorbant a phase inverse.

Procédé de la revendication 1, ou :

le solvant alcoolique est un alcanol.
Procédé de la revendication 1, ou :

le solvant de réaction est un solvant aprotique.
Procédé de la revendication 1, ou :

le solvant de réaction est le sulfoxyde diméthy-
lique.

Procédé de la revendication 5, ou :

I'eau de dilution est présente a une quantité en
exces de celle du solvant de réaction.

Procédé de la revendication 6, ou :

le rapport en volumes entre I'eau de dilution et
le solvant de réaction est d’au moins 7/1.

Procédé de la revendication 1, ou :

'apport en eau de lavage ne se fait pas par le
biais de la cuve de réaction.

Procédé de la revendication 1, qui comprend en
outre :

le passage du mélange réactionnel dans unfiltre
avant le passage du mélange réactionnel dans
la cartouche d’extraction en phase solide, lefiltre
éliminant les précipités du mélange réactionnel.

Procédé de la revendication 9, qui comprend en
outre :

($]
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1.

12.

le contournement dufiltre aprés passage du mé-
lange réactionnel dans le filtre pendant une cer-
taine période de temps.

Procédé de la revendication 1, ou :

les étapes de passage du mélange réactionnel
dans la cartouche d’extraction en phase solide,
d’élimination des impuretés restantes sur le sor-
bant par lavage et d’élution de la 3’-désoxy-
3-['18F]fluorothymidine radiomarquée du sor-
bant prennent deux minutes ou moins.

Procédé de la revendication 1, ou :

le sorbant de la cartouche d’extraction en phase
solide est un sorbant C-18.

13. Appareillage pour la préparation de 3’-désoxy-

14.

3'['8F]fluorothymidine, 'appareillage comprenant :

une cuve de réaction destinée a contenir un pré-
curseur de la fluorothymidine, un solvant de
réaction pour le précurseur de la fluorothymidi-
ne, une source d’ions [18F] et une eau de dilution
pour ainsi former un mélange réactionnel in-
cluantune 3’-désoxy-3'-['8F]fluorothymidine ra-
diomarquée, des ions [18F] et des impuretés de
réaction résiduelles ;

une cartouche d’extraction en phase solide en
communication fluidique avec la cuve de réac-
tion, la cartouche d’extraction en phase solide
incluant un sorbant solide pour adsorber la 3'-
désoxy-3’-[18F]fluorothymidine radiomarquée
sur le sorbant, ou une partie au moins des im-
puretés de réaction résiduelles passent dans la
cartouche d’extraction en phase solide sans étre
adsorbées sur le sorbant ;

une source d’eau en communication fluidique
avec la cartouche d’extraction en phase solide
pour fournir 'eau servant a I'’élimination de toute
impureté restante sur le sorbant par lavage a
I'eau ; et

une source d’un solvant alcoolique en commu-
nication fluidique avec la cartouche d’extraction
en phase solide pour fournir le solvant alcooli-
que servant a I'élution de la 3'-désoxy-3'-[18F]
fluorothymidine radiomarquée du sorbant en uti-
lisant le solvant alcoolique,

ou I'appareillage n’inclut pas une unité de chro-
matographie liquide haute pression.

Procédé selon la revendication 1 pour la préparation
de 3’-désoxy-3'-[18F]fluorothymidine sur un disposi-
tif de synthése d’un produit radiomarqué qui inclut
une cuve de réaction et une unité de chromatogra-
phie liquide haute pression dans un trajet d’écoule-
ment du produit, le procédé comprenant les étapes
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suivantes :

retrait de I'unité de chromatographie liquide hau-
te pression du trajet d’écoulement du produit ;
combinaison, dans la cuve de réaction, d’'un pré-
curseur de la fluorothymidine, d’'un solvant de
réaction pour le précurseur de la fluorothymidi-
ne, d’une source d’ions ['8F] et d’'une eau de
dilution pour ainsi former un mélange réaction-
nelincluant une 3'-désoxy-3-[18F]fluorothymidi-
ne radiomarquée, des ions [18F] et des impure-
tés de réaction résiduelles ;

passage du mélange réactionnel dans une car-
touche d’extraction en phase solide, la cartou-
che d’extraction en phase solide incluant un sor-
bant solide pour adsorber la 3’-désoxy-3'-[18F]
fluorothymidine radiomarquée sur le sorbant,
une partie au moins des impuretés de réaction
résiduelles passant dans la cartouche d’extrac-
tion en phase solide sans étre adsorbées sur le
sorbant ;

élimination de toute impureté restante sur le sor-
bant par lavage avec une eau de lavage ; et
élution de la 3’-désoxy-3'-[18F]fluorothymidine
radiomarquée du sorbant en utilisant un solvant
alcoolique.

Procédé de la revendication 14, ou :
le solvant alcoolique est I'éthanol.
Procédé de la revendication 14, ou :

le solvant de réaction est le sulfoxyde diméthy-
lique.

Procédé de la revendication 16, ou :

I'eau de dilution est présente a une quantité en
exces de celle du solvant de réaction.

Procédé de la revendication 14, ou :

'apport en eau de lavage ne se fait pas par le
biais de la cuve de réaction.

Procédé de la revendication 14, qui comprend en
outre :

le passage du mélange réactionnel dans unfiltre
avant le passage du mélange réactionnel dans
la cartouche d’extraction en phase solide, lefiltre
éliminant les précipités du mélange réactionnel.

Procédé de la revendication 19, qui comprend en
outre :

le contournement du filtre aprés passage du mé-
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lange réactionnel dans le filtre pendant une cer-
taine période de temps.

21. Procédé de la revendication 14, ou :

les étapes de passage du mélange réactionnel
dans la cartouche d’extraction en phase solide,
d’élimination des impuretés restantes sur le sor-
bant par lavage et d’élution de la 3’-désoxy-
3-['18F]fluorothymidine radiomarquée du sor-
bant prennent deux minutes ou moins.

22. Procédé de la revendication 14, ou :

le sorbant de la cartouche d’extraction en phase
solide est un sorbant C.



EP 1 670 519 B1

.\mm

[ 9l

J1SYM

1

qzA

smmowm =]
byl 19
Eﬁ@s /= X
AUSYM [ ve v
ER(NIETR =5| m%%m_mwﬁo </ LUy
26" WA by L mm.:_m =
w3
TONVHL3 [ WLEL] N o
Dt 1 8A
ZIA 0TA BA | S
g% m>% PAd, €A A
on—"
SO

LEILZ

4

A 8

A A

| dWl-dg

LA
TA

WALV FLYLIOV 10H wosunoaud 114 0%y aaly

E

B

12



EP 1 670 519 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

US 4617386 A [0002]
US 4794178 A [0002]
US 5169942 A [0002]
US 5264570 A [0002]
US 5436325 A [0002]
US 5759513 A [0002]

US 5932178 A [0002]
US 6172207 B [0002]
US 6567492 B [0029]
US 6190637 B [0029]
US 4211658 A [0033]
US 4250035 A [0033]

* US 5808020 A [0002]

Non-patent literature cited in the description

* J.R. GRIERSON et al. Development of a radiosyn- e MACHULLA et al. Simplified labeling approach for
thesis for 3’-[F-18]fluoro-3'deoxynucleosides. J. La- synthesizing 3’-deoxy-3’-[18F]fluorothymidine
belled Compounds radiopharm., 1997, vol. 40, 60-62 ([18F]FLT). Journal of Radioanalytical and Nuclear

[0005] Chemistry, 2000, vol. 24, 843-846 [0028]
e Solid Phase Extraction Applications Guide and Bib-
liography. Waters, 1995 [0033]

13



	bibliography
	description
	claims
	drawings
	cited references

